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Introduction
Jumping to conclusions (JTC) is a well-established reasoning and data gathering bias found in patients with psychosis [1] [2] [3] . It is usually measured by a reasoning task based on a Bayesian model of probabilistic inference known as the "beads task" 4, 5 .
Early work investigating reasoning bias through beads in jars paradigm focused on the association with delusions, finding that patients with delusions tend to require fewer beads to reach a decision than would be expected following Bayesian norms 4 . In this respect, it has been suggested that data-gathering bias represents a key cognitive component in delusion formation and maintenance 6 . Although most of the studies endorsing this association used a cross-sectional design, comparing those with and without delusions in samples of patients with schizophrenia or other psychoses 7, 8 , meta-analyses mostly found a weak association with
delusions, yet a clear association with psychosis 1, 3, 9, 10 . Moreover, jumping to conclusions was found not only in non-delusional and remitted patients with schizophrenia, but also in individuals at clinical high risk and first-degree relatives [11] [12] [13] [14] [15] .
Overall, these findings suggest that JTC could play a role in the liability for psychotic disorders, perhaps serving as an endophenotype associated with the genetic risk. As a highly heritable and polygenic disorder, many common genetic variants contribute to the risk of schizophrenia, which can be summarised into an individual polygenic risk score (PRS) 16, 17 .
GWAS studies have found a significant genetic overlap between cognition and schizophrenia [18] [19] [20] , and a recent study by Toulopoulou et al 21 showed that the variance in schizophrenia liability explained by PRS was partially mediated through cognitive deficit.
Despite a large body of literature on the JTC bias describing it as a potential intermediate phenotype, to date there has been no investigation into the possible genetic overlap with psychosis through PRS strategy. Nonetheless, there is a considerable amount of literature suggesting a link between JTC and cognitive functions. Cross-sectional studies on both recent onset psychosis and schizophrenia suggest that patients who present with neuropsychological deficits, especially involving executive functions, display more tendency to jump to conclusions 7, 22 . Those findings appear to be corroborated by the study of Lunt et al 23 where
JTC bias was found to be more prominent in individuals with prefrontal lesions, especially in the left side of cortex, compared with controls. Woodward 24 , using a principal component analysis in a sample of inpatients with schizophrenia found that neuropsychological functions and JTC loaded on the same factor. Similar findings were obtained in a confirmatory factor analysis on psychotic patients with delusions and controls 25 . Interestingly in the latter, when general cognitive functioning was included in the model, the association between paranoia and JTC no longer held. In their study comparing patients with delusions, remitted patients with schizophrenia, and controls, Lincoln et al 26 found that, after taking intelligence into account, not only the association between JTC and delusions disappeared, but the group effect on the JTC bias was not detected any longer. Likewise, general intelligence affected statistically the relation between JTC and psychosis liability in the van Dael et al study 15 .
Lower IQ was also found associated with JTC in First Episode Psychosis 27, 28 . Nonetheless, other studies on early psychosis did not detect any association with cognition, possibly due to small sample size 29, 30 .
Thus, although many studies highlighted that jumping to conclusions is strongly associated with delusions, and more broadly with psychosis, this association seems to be affected by general cognitive function. To address this question robustly requires a large sample size, whereas most previous studies of JTC in psychiatry have had moderate sample sizes of between 20 and 100 patients. Therefore, we used data from the large multi-country EUropean
Network of national schizophrenia networks studying Gene-Environment Interactions (EUGEI) case-control study of first episode psychosis to investigate whether IQ play a role as mediator in the pathway between the bias and the disorder. We also aimed to investigate whether JTC is associated with the liability for psychotic disorders and/or liability to general intellectual function.
Therefore, in this study we to test the following predictions:
1. The JTC bias will be best predicted by clinical status through IQ mediation;
2. The JTC bias will be predicted by the Polygenic Risk Score for Schizophrenia (SZ PRS) and by the Polygenic Risk Score for IQ (IQ PRS).
Methods

Participants
Participants were recruited and assessed as part of the incidence and first episode case-control study, conducted as part of the EU-GEI programme 31, 32 . The study was designed to investigate risk factors for psychotic disorders over three-year period between 1/5/2010 and 1/4/2015 in 17 catchment areas in England, France, the Netherlands, Italy, Spain and Brazil.
All participants provided informed, written consent following full explanation of the study. Inclusion criteria for controls were: a) aged between 18 and 64 years; b) resident within a clearly defined catchment area at the at the time of consent into the study; c) sufficient command of the primary language at each site to complete assessments; and d) no current or past psychotic disorder. To select a population-based sample of controls broadly representative of local populations in relation to age, gender, and ethnicity, a mixture of random and quota sampling was adopted. Quotas for control recruitment were based on the most accurate local demographic data available, and then filled using a variety of recruitment methods, including through: 1) random sampling from lists of all postal addresses (e.g., in London); 2) stratified random sampling via GP lists (e.g., in London and Cambridge) from randomly selected surgeries; and 3) ad hoc approaches (e.g., internet and newspaper adverts, leaflets at local stations, shops, and job centres).
Measures
Detailed information on age, sex, self-reported ethnicity, level of education and social networks was collected using the Medical Research Council (MRC) Sociodemographic Schedule 33 .
The short form of the WAIS III was administered as an indicator of general cognitive ability (IQ) and includes the following subtests: Information (verbal comprehension), Block Design (reasoning and problem solving), Arithmetic (working memory) and Digit symbol-coding (processing speed). This short form has been shown to give reliable and valid estimates of Full-Scale IQ in schizophrenia 34 .
Following instructions and practice, the JTC bias was assessed using a single trial of the 
Polygenic Risk Scores
The case-control genotyped WP2 EUGEI sample (N=2,169; cases' samples N=920, controls' samples N=1,248) included DNA extracted from blood (N=1,857) or saliva (N=312 [35] [36] [37] . The imputed variants with r2 < 0.6, MAF < 0.1% or missingness > 1% were excluded.
The polygenic risk score for schizophrenia and IQ were built using, as training data sets, the results from the last available mega-analysis from the Psychiatric Genomics Consortium (PGC) 17 and Savage et al 38 respectively. In PRSice, individuals' number of risk alleles in the target sample were weighted by the log odds ratio from the discovery samples and summed into the PRSs at a 0.05 SNPs Pt-thresholds (apriori selected). We excluded people of homogeneous African ancestry since in this population the SZ PRS from the PGC2 we calculated, as reported by other studies 39 , failed to explain a significant proportion of the variance (R 2 =1.1%, p=0.004).
Design and Procedure
The EU-GEI study WP2 employed a case-control design collecting data with an extensive battery of demographic, clinical, social, and biological measures (Core assessment); psychological measures, and cognitive tasks. All EU-GEI WP2 participants with JTC and IQ data were included in the current study. All the researchers involved in administrating the assessments undertook a training organised by a technical working committee of the overall EU-GEI study (Work Package 11) at the beginning and throughout the study. Inter-rater reliability was assessed annually to warrant comparability of procedures and methods across sites.
Statistical analysis
Analyses were conducted in STATA 15 40 . Preliminary descriptive analyses were performed using chi-square and t tests to examine the differences on age, sex, ethnicity, level of To investigate whether jumping to conclusions was associated with the liability for psychotic disorders and general intelligence, we firstly tested the accuracy of the PRSs to predict their primary phenotypes (case/control status and IQ) in our sample through logistic and linear regression models respectively. Then, we built and compared linear regression models regressing DTD on 1) case/control status, controlling for age, sex, and 20 principal components for population stratification; 2) SZ PRS and 3) IQ PRS, adjusting for case/control status, age, sex, and 20 principal components for population stratification.
Given previous interest on the association between JTC and delusions, we performed a supplementary analysis exploring the putative cognitive mechanism of JTC in delusions formation and severity (see supplementary material).
Results
Sample characteristics
Cases and controls recruited as part of the EU-GEI study were included in the current study if data on both Beads task and WAIS were available. This led to a sample of FEP cases=817
and controls N=1,294 for the mediation analysis (Figure 2 ). The analysis on PRSs was performed in a subsample of 519 FEP and 881 population controls with available GWAS data.
Jumping to Conclusions, psychosis and IQ
The results of the mediation model are displayed in Figure 3 . There was evidence of a negative association between caseness and draws to decision in path c [B= -1. to 10%, of which 1% was due to the PRS term. Since the SZ PRS failed to predict DTD, violating the first assumption for a mediation, the further mediation analysis was not pursued.
The relationship between DTD and delusions is reported in the supplement.
Discussions
The present study was conducted to investigate the relation between the JTC bias and general cognitive ability in first episode psychotic patients. We used the largest to date incidence sample of FEP patients and population-based controls with available data on the JTC bias to address the question: is the link between the bias and the disorder better explained by the mediation of IQ? Moreover, this is the first study which tested the association between JTC and genetic susceptibility to schizophrenia.
We found that IQ is accountable for about 80% of the effect of caseness on JTC. The data in fact indicated that case control differences in JTC were not only partially mediated by IQ but were fully mediated by IQ. In other words, first episode psychosis patients gathered less evidence and made hasty decisions only if they presented a lower IQ than controls. Previous studies focusing on different explanations between the JTC bias and psychotic disorders suggested that deluded patients tend to request less information because sampling itself might be experienced as more costly than it would be by healthy people 43, 44 . Although patients at onset seem to adjust their strategy according to the cost of sampling where clearly stated and
show more bias to sample less information in the classic task, general cognitive ability still plays an important role in their decision-making behaviour 43, 44 . Indeed, the inclusion of general cognitive ability in the relation between JTC and clinical status was reported to substantially decrease or nullify a prior significant association 15, 26, 28 . Our results are consistent with these studies and provide the first evidence that the genetic variants associated with IQ are negatively correlated with JTC, therefore endorsing the hypothesis that cognition as endophenotype mediates the relation between the bias and the liability for psychotic disorders.
In our study SZ PRS was not significantly associated with JTC. However, as PRS technique is based on contribution of common SNPs variation to genetic risk, its detection is strictly dependent on statistical power 45, 46 . Although GWAS studies on schizophrenia have already identified a substantial number of genetic variants by increasing sample size 17 , SZ PRS still accounts for 7% of the variance in schizophrenia liability, as we also found in our sample.
Whereas, IQ PRS is based on a far larger GWAS 38 , explaining as twice the variance as SZ PRS in our study. We note that the effect sizes between the IQ PRS and DTD was similar in size to, and (contrary to expectation) in the same direction as, the effect size between the schizophrenia PRS and DTD (but note the latter association was non-significant). Another possible explanation lies in the fact that JTC seems to be more associated with the continuous distribution of delusions rather than with schizophrenia per se [11] [12] [13] [14] [15] . In fact, in a large casecontrol study on FEP patients carried out by Falcone 28 , adjusting for IQ and working memory abolished the relation between JTC and clinical status, but the association between JTC and delusion severity remained. Perhaps building a PRS based on the positive symptom dimension or delusions would be more associated with the bias. However, in line with a recent finding that patients with higher delusion severity may have a tendency to increased information seeking 47 , we found delusions were associated with higher number of beads drawn in our supplementary analysis, although with a small effect size and attenuation after adjustment. Whereas, the direction of the effect of positive-like experiences on the number of beads requested by controls was expected 9, 48, 49 . Future research is warranted to further address this relation.
Strengths and limitations
Our study has several advantages. These include the large sample size, the study of patients at the onset of illness, and population controls. There are limitations to our study. Although the sample size is several times larger than any individual previous study, it is still modest by genomic standards. We only included a single trial of the task, as previous research has indicated that the measure of draws to decision is very reliable over trials 44, 50 , to facilitate data collection in this large multi-centre study. It can be argued that only performing one trial using the higher cognitive demanding 60:40 version could capture more miscomprehension of the task rather than truly the bias, resulting in overestimating its presence 51, 52 . However, the beads task employed in the study included a practice exercise before the trial. Moreover, the difference between means of beads requested by cases and controls in our study was smaller than reported in a meta-analysis on 55 studies (1.1 vs. 1.4 to 1.7) 1 . Nonetheless, future research is warranted to explore more specific cognitive mediation, such as working memory and executive functions 7, 22, 28 , between JTC and psychosis using more trials of the Beads Task. The inclusion of more trials in future studies would permit a more detailed interrogation of the task 44, 50 . For example, the use of multiple trials allows modelling of latent variables such as the probing of the distinct roles of cognitive noise and alterations in the perceived "cost" of information sampling, which may have partially distinct genetic bases.
We did not measure delusions with a symptom severity rating scale, but rather calculated a measure of a delusions factor using an item-response analysis from OPCRIT identified symptoms, so we caution over-interpretation of the analysis (Supplement) of the relation between DTD and delusions within the patient group.
Implications
Our results suggested that the tendency to jump to conclusions may be associated with psychosis liability via a general cognitive pathway. In fact, improvements on data-gathering resulting in delayed decision making seem to be driven by cognitive mechanisms as shown in . However, psychosis liability does not necessarily translate to other outcomes of interest in psychosis, such as prognosis; for example, Andreou et al 55 using the same sample as Moritz 53 found that JTC was the only significant predictor of improvement in vocational status at 6 months follow up in terms of probability of regaining full employment status.
Similarly, Dudley et al 56 found that patients who displayed stable JTC after 2 years showed an increase in symptomatology, whereas stable non-jumpers showed a reduction, as did those who switched to be a non-jumper. Although the aforementioned study did not account for cognition, results are in line with the literature showing the efficacy of MCT on delusion severity and general functioning up to 3-year-follow-up 53, 54, 57 , and even in individuals with recent onset of psychosis 58 . Moreover, a recent study 59 which followed up the FEP sample reported in Falcone 28 , showed that JTC at baseline predicted poorer outcome in terms of more days of hospitalisation, compulsory admissions, and higher risk of police intervention at 4-year follow-up, even after controlling for IQ.
Thus, although JTC bias might be secondary to a cognitive impairment in the early stages of psychosis, JTC could play an important role in both delusions' maintenance and clinical outcome. Therefore, targeting this bias along with other cognitive deficits in psychosis therapies and interventions might represent a useful strategy to improve the outcome.
However, our data suggest that specific interventions to address this particular cognitive bias in terms of psychosis liability may not provide any advantage over and above cognitive remediation of general cognitive deficits. 
